ベクトル場の同時標準形とSeifert予想への応用(Painleve系, 超幾何系, 漸近解析) by 吉野, 正史
Titleベクトル場の同時標準形とSeifert予想への応用(Painleve系, 超幾何系, 漸近解析)
Author(s)吉野, 正史








$x=$ $(x_{1}, . .,. , x_{n})\in \mathrm{C}^{n}$ ( $\mathrm{R}^{n}$ ) $x=0$
$\chi:=\sum_{=k1}x_{k}(X)\frac{\partial}{\partial x_{k}}n$
$X_{k}(0)=0$ $k=1,$ $\ldots,$ $n$ .
$X(x):=(X_{1}(x), \ldots, x_{n}(x))=x\Lambda+R(x),$ $R(x)=(R_{1}(X), \ldots, Rn(X))$
A $n\mathrm{x}n$ $R(x)$
$R(\mathrm{O})=0$ , $\nabla R(\mathrm{O})=0$ .
$R(x)=O(|x|^{2})$
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A $\Lambda=$ diag $(\lambda_{1}, \ldots, \lambda_{n})$ .
$y \Lambda\nabla=\sum_{k=}n1\lambda_{k}y_{k}(\partial/\partial y_{k})$





$v= \sum_{\alpha}v_{\alpha}y^{\alpha}$ $\lambda_{ky_{k}}\frac{o}{\partial y_{k}}y^{\alpha}=$
$\lambda_{k}\alpha_{k}y^{\alpha}$
$c_{v}= \sum_{\alpha}(\sum_{k=1}\lambda k\alpha k-\Lambda)v_{\alpha}y\alpha$
$\sum^{n}k=1\lambda_{k}\alpha k-\lambda j$
$\mathcal{L}^{-1}$




\mbox{\boldmath $\chi$} Poincar\’e \mbox{\boldmath $\lambda$}1, . . . , $\lambda_{n}$





rapidly convergent iteration Nash-Moser iteration
Ito ( ) $\mathrm{C}^{n}\sim \mathrm{R}^{2n}$ $S^{2n-1}$
$2n-1$ 1 \mbox{\boldmath $\chi$} $S^{\mathit{2}n-\mathit{1}}$ \mbox{\boldmath $\chi$} $S^{2n-1}$
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Z. 1990). $\mathrm{D}\mathrm{e}\mathrm{L}\mathrm{a}\mathrm{t}\mathrm{t}\mathrm{e}$ (Discr. and Cont. Dynam. Sys. 1997), Kra (Israel Jour. Math.
1996), Stolovitch (preprints) 1 regularity
KAM – $2n$
$x_{H}:=H_{\xi xx}\partial-H\partial\xi$ $xH$ $\chi_{H}$
Seifert
$a(z)\partial_{z}$ $z=x+iy$
$a(z)=\alpha(x, y)+i\beta(x, y)$ $\partial_{z}=(\partial_{x}-i\partial_{y})/2$
$a(z) \partial_{z}=\frac{1}{2}(\alpha+i\beta)(\partial_{xy}-i\partial)=\frac{1}{2}(\alpha\partial_{x}+\beta\partial_{y}+i(\beta\partial x-\alpha\partial y))=X_{1}+ix2$ .
$a(z)$ $\alpha_{x}=\beta_{y},$ $\alpha_{y}=-\beta_{x}$ (Cauchy-Riemann equation)
$[x_{1},\mathrm{x}_{\mathit{2}}]$ $=$ $\alpha\beta_{x}-\alpha_{x}\beta-(\alpha\alpha x-\alpha\alpha y)+\beta\beta_{y}-\beta\beta_{x}-(\beta\alpha_{y}-\alpha\beta_{y})$
$=$ $-\alpha\alpha_{y}-\alpha_{x}\beta-(\alpha\alpha_{x}-\alpha\alpha y)+\beta\alpha_{x}+\beta\alpha_{y}-(\beta\alpha_{y}-\alpha\alpha x)=0$ .
Seifert
$\chi=\{\chi_{1}, \ldots, \chi_{d}\}$






$X^{j}(x):=(X_{1}^{j}(x), \ldots,X_{n}j(x))=x\Lambda^{\mathrm{j}}+R^{j}(x),$ $R^{j}(x)=(R_{1}^{j}(X), \ldots, R_{n}j(x))$
$\Lambda^{j}\text{ }n\mathrm{X}n$ $R^{j}(x)$
$R^{\mathrm{j}}(0)=0$, $\nabla R^{j}(0)=0$ .
$\mathcal{L}^{j}:=X\Lambda^{j}\nabla-\Lambda j$
\mbox{\boldmath $\chi$} x\mapsto y+v( v
Homology equations
$\mathcal{L}^{p}v=RJ(y+v)$ , $j=1,$ $\ldots,$ $d$ .
Homology $\mathcal{L}_{j}$
$g$ Rn $<,$ $>_{g},$ $||\cdot||_{g}$
\mbox{\boldmath $\chi$} $||\cdot||_{g}=1$
$\sum_{\nu=1}^{d}|<\chi^{\nu},$ $X>_{g}|\neq 0$ , $\forall x,$ $||x||_{g}=1$ .
$\Lambda^{\nu}(\nu=1, \ldots, d)$ \mbox{\boldmath $\chi$}\nu $\xi_{j}^{\nu}(j=1, \ldots, n)$
$\xi_{j}:=(\xi_{j’ j}1\ldots, \xi^{d})$




\mbox{\boldmath $\chi$} $z_{j}=x_{j}+iy_{j}(j=1, \ldots, n)$
$\chi=\chi 1+i\chi_{2}$ . $\chi$ \mbox{\boldmath $\lambda$}j $=2(\xi_{j}-i\eta_{j})(j=1, \ldots, n)$
$\chi_{1}$ $\chi_{2^{\text{ }} }\xi_{j}$, $-\eta_{j}$
$\lambda_{j}z_{jz_{j}}\partial$ $=$ $\xi_{j}-i\eta_{j})(X_{j}+iyj)(\partial_{x_{j}}-i\partial)y_{j}$
$=$ $(\xi_{j^{X}j}+\eta jyj)\partial_{x}+(jy_{j}\xi_{j\eta j}-X_{j})\partial_{y}j$
$+$ $i(y_{j}\xi_{j\eta j}-xj)\partial xj-(\xi_{j}xj+\eta jy_{j})\partial_{yj})$ .
$\eta_{j}\xi_{j}$ $-\eta_{j}\xi_{j})$
$(\lambda-\xi_{j})^{2}+\eta_{j}^{\mathit{2}}=0$ $\lambda=\xi_{j}\pm i\eta_{j}$ , 2
-\eta j\pm i\xi j.
” $\theta \text{ }\Re_{e}i\theta\lambda_{j}>0(j=1, \ldots, n)$ ”
$\xi_{j}\cos(-\theta)-\eta j\sin(-\theta)>0$ .
$\xi_{j}=(\xi_{j}, -\eta_{j})(j=1, \ldots, n)$ $\Gamma_{\chi}$ dual cone
$\Gamma_{\chi}\neq\emptyset$ .
\Gamma \mbox{\boldmath $\chi$} dual cone
$\{(c_{1}, \ldots, c_{d})\in \mathrm{R}d;\sum C_{j}t_{j}>0,\forall(t_{1}, \ldots,td)\in \mathrm{r}_{x}\}j$ .
\mbox{\boldmath $\chi$} semi-simple P
$\Lambda^{\nu}=$
.








\mbox{\boldmath $\chi$} $c_{\nu}\in \mathrm{R}$










$..$ . $J_{j}^{\mu}*$ ) $J_{j}^{\mu}=(\eta_{j}^{\mu}\xi_{j}^{\mu}$ $-\eta_{J}^{\mu}\xi_{j}^{\mu})$ .









R 2 $v_{\alpha}$ $\mathcal{L}$
$R(x+v)$ $x+v$ 2








$S^{3}$ 3 S3 closed nonsingular leaves





\mbox{\boldmath $\chi$} $S^{\mathit{2}n-1}$ Seifert
. \mbox{\boldmath $\chi$} $S^{2n-1}$
Poincar\’e-Dulac
$\xi_{j}$ , $\eta_{j}$
$\xi_{j}:=(\xi_{j}1, \ldots, \xi_{j}^{d}),$ $\eta_{j}:=(\eta^{1}j’\ldots, \eta^{d}j),$ $j=1,$ $\ldots,$ $k$ .
$\exists\nu,$ $1\leq\nu\leq k$ $\xi_{v}\text{ }\eta_{v}$ – nonsingular 1 closed leaves
k $S^{\mathit{2}n-1}$
Homology
Homology rapidly convergent it-
eration method overdetermined system
approximate weight function
rapidly convergent method $f(x)=0$




$x_{n+1n}=X-f’(_{X_{n}})^{-}1f(xn)$ , $n=0,1,2,$ $\ldots$ .
Picard
$x_{n+1}=x_{n}-f’(X\mathrm{o})^{-}1f(xn)$ , $n=0,1,2,$ $\ldots$ .
$f(x)=x^{2}$ $x=0$
Newton $x_{n+1}=x_{n}-x_{n}^{\mathit{2}}/2x_{n}=x_{n}/2,$ $x_{0}=1$
Picard $x_{n+1}=x_{n}-X_{n}^{2}/2x0=xn-x_{n}^{2}/2$ . $x_{n+1}=$
$1- \sum_{k}^{n2}=1^{X}k/2>0$ . $\sum x_{n}^{2}<\infty$ $x_{n}arrow 0$ .
$x_{n+1n}=X(1-X_{n}/2)$ . $x_{n+1}= \prod_{k}(1-xk/2)$ . $x_{n}arrow 0$
$r^{n}$ $0<r<1$
$T=(T_{1}, \ldots, T_{n}),$ $T_{j}>0$ $D_{T}\subset \mathrm{C}^{2n}$ $D_{T}=\{|z_{\dot{1}}|<$
$T_{1}\}\cross\cdots\cross\{|z_{n}|<T_{n}\}\mathrm{X}\{|w_{1}|<T_{1}\}\cross\cdots \mathrm{x}\{|w_{n}|<T_{n}\}$ $A(D_{T})$ $D_{T}$
$\{(z, w)\in D_{T;w_{j}=\overline{z}_{j},j}=1, \ldots, n\}$




$u$ $D_{T}$ $|u|_{T,\infty}:= \sup_{D}\tau|u(z, w)|$
$T’=(T_{1}’, \ldots, T_{n}’)$ $T=(T_{1}, \ldots, T_{n})$ $j$ $T_{j}’<T_{j}$ $T’<T$
$C>0$ $0<T’$ <T
$|D_{Z}^{\gamma}D \frac{\delta}{z}v\mathrm{b}$, $\leq$ $C(T-\tau’)^{-\gamma-}\delta\mu \mathrm{b}$, $u\in H(T)$ .
$|u|\tau^{l},\infty\leq \mathrm{R}$, $\leq$ $C(T-\tau’)^{-2}n|u|_{T,\infty}$ , $u\in H(T)$ .
$Mf= \sum_{=\mu 1}^{d}\mathcal{L}\mu\mu tcf$, $f\in(H(T))^{2}n$ .
$M,$ $\mathcal{L}_{\mu},$ $L_{v}$ and $t\mathcal{L}_{\nu}(\mu, \nu=1, \ldots, d)$ $M^{-1}$
$M^{-1}$
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$M^{-1}$ approximate weight hnction $\mathcal{P}(D)$
$P(D) \vec{f}:=\sum tc_{j}j=1d-M^{-1}f_{j}$ , $\vec{f}=(f_{1}, \ldots, fd)\in H(T)^{2dn}$ .
$T^{0}=(T_{1}^{0}, \ldots, T_{n}^{1})>0$ Bruno
$c>$
$\sum_{\nu=1}^{d}|<\lambda^{v},$ $\alpha>-\lambda_{j}^{v}|^{2}$ $\geq$ $c \exp(-\frac{|\alpha|}{(ln(2+|\alpha|))^{1+}\tau})$ ,
$\forall\alpha\in \mathrm{z}_{+}^{\mathit{2}}n,$ $|\alpha|\geq 2,1\leq\forall j\leq 2n$ .
$0<T’<T<\tau_{\mathit{0}}$ $M^{-1}$ : $(H(T))2narrow(H(\tau’))2n$ $T$
T’ $c_{0}>0$ $T_{0}<\forall T’<\forall\tau<2T_{0}$
$||M^{-1}||_{(H(T}))2narrow(H(\tau’))2n\leq\exp(\exp(c_{0}(\tau-T’)^{-1}/(1+\tau)))$ ,
$(T-T’)^{-1}/(1+ \tau)=\sum_{j}(Tj-\tau’j)^{-1}/(1+\tau)$ . , $\mathcal{P}$ $c_{0}$
Homology
\Omega T $>$ $A(\Omega)$
\Omega $\{(z,w)\in\Omega;w_{j}=\overline{z}_{j},j=1, \ldots, n\}$
$H( \Omega):=\{u\in A(\Omega);\sup_{\Omega}\mu \mathrm{b}<\infty\}$
$||u|| \Omega,\infty:=\sup_{\Omega}|u(x)|$
x\mapsto u(x) $=x+v(x)$ $v(x)$ Homology
$\mathcal{L}_{\mu}v(x)=,$ $R^{\mu}(x+v(x))$ , $1\leq\mu\leq d$.
$\tau*>0$ $p>1$ $q>0$ $1>q>p/(1+\tau)$ $\gamma$
$\gamma\sum_{n=1}^{\infty p}n^{-}=\tau*$ $\tau_{0=}\tau$
$T_{k+1}$ $=$ $T_{k}-\gamma k^{-}p\mathrm{e},\tau_{k}\prime\prime\prime\tau_{k}=.-\gamma k+1\mathrm{e}-p/4$,
$T_{k1}’’+$ $=$ $T_{k}-2\gamma k-p\mathrm{e}/4,T_{k+1}’=T_{k}-3\gamma k-p\mathrm{e}/4$ ,
$k=1,2,$ $\ldots$ , $\mathrm{e}=(1, \ldots, 1)$ . $T_{k}$ \Omega k
\epsilon $>0$
$||R^{\mu}||\tau\leq\epsilon$ , $\mu=1,$ $\ldots,$ $d$ ,
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Homology
x\mapsto uk(x) $=x+v_{k}(X),$ $vk(x)\in H(\Omega_{k}),$ $k\in \mathrm{Z}_{+}$





$X^{\mu,k_{(.)}}\backslash ’\backslash \cdot-1-\backslash \prime\prime\backslash X=^{x(}\mu,k-1X+v_{b}(x1)(1+\partial_{\mathrm{V},\prime}vk.-\rceil 1-.-1$
$=X^{\mu}((1+v_{0})\circ\cdots\circ(1+v_{k-1})(X))(1+\partial_{x}v\mathrm{o})^{-1}\cdots(1+\partial_{x}v_{k-1})-1$,
$\mu=1,$ $\ldots,$ $d$
$X^{\mu,0}=X^{\mu}$ . $R_{k}^{\mu}$ $v_{k}$






$\lim_{karrow\infty}u00\ldots \mathrm{o}u_{k}-1\circ u_{k}=u$ in $H(\Omega_{\infty})$ , $\mu=1,$ $\ldots,$ $d$ ,
$\lim_{karrow\infty}R_{k}^{\mu}=0$ in $H(\Omega_{\infty})$ , $\mu=1,$ $\ldots,$ $d$ ,
$X^{\mu,k}arrow x\Lambda^{\mu}$
$X^{\mu,k-1}(X+v_{k-1}(x))(1+\partial v_{k-1})^{-1}arrow X^{\mu}(u(X))\partial u^{-}1=x\Lambda^{\mu}$.
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